Abstract. For the fatigue design of a large scaled welded structure, the readily accessibility of various engineering tools is required for the static, fatigue, dynamic analysis and parametric study. In this paper, a multi-agent system is suggested for the development of distributed, open and intelligent design system. The developed design system is applied to assess cumulative fatigue damage on the welded bogie frame of railway vehicles. The engineering tools for fatigue durability analysis are chosen as I-DEAS, ANSYS and BFAP, in which iterative analysis is performed automatically caused by geometrical changes of transom support bracket attached in the bogie frame. The prototype of design system is implemented successfully for the assessment of cumulative fatigue damages of the welded bogie frame.
Introduction
For the fatigue design of a large scaled welded structure, complex engineering process is carried out which requires the cooperation of multidisciplinary design concepts and the readily accessibility of various engineering tools for the static, fatigue, dynamic analysis and parametric study. In an efficient collaborative design environment, the various design activities are coordinated and the integration between different engineering tools is guaranteed in an engineering framework [1] which is implemented on the JADE (Java Agent DEvelopment), an agent building toolkit. Since every activity has a fairly complex process and specialty knowledge, the multi-agent system is very useful to keep independency of each discipline applied to the engineering tools and to use distributed hardware and software resources [2, 3] . This system enables to promise technological paradigm for the development of distributed, open and intelligent design system. This paper reports an implementation for the assessment of cumulative fatigue damage on welded bogie frame of railway vehicle in the integrated design system based on the multi-agent system. The fatigue durability analysis to calculate the cumulative fatigue damage is carried out using three engineering tools, i.e. I-DEAS, ANSYS and BFAP (Bogie Fatigue Analysis Program), which are integrated by XML wrapper. Several wrappers for the post-processing and data sorting are also made to perform the iterative analysis automatically caused by geometrical changes of transom support bracket attached in the bogie frame. Data and output files are managed by EDM (Engineering Data Management) in this system. The parametric study is performed taking into account the effect of geometrical change of transom support bracket on its fatigue damage.
Architecture of e-engineering framework
The architecture of multi-agent based integrated design system for the automation and parametric study to assess cumulative fatigue damage is shown in Fig. 1 . This system is developed based on the JADE platform to meet standard specification of FIPA (Foundation for Intelligent Physical Agent) and composed of web-based user interface via Applet/JSP, Servlet controller to manage HTTP request and response, Interface Agent and Monitoring Agent to generate data for displaying to Applet/JSP, Parametric Study Agent and Engineering Server Agent to manage engineering job, Problem Solving Agent to manage engineering task and XML-based Problem Solving Wrapper group to be integrated with distributed engineering tools. The System requirement is listed in Table 1 . Implementation to assess cumulative fatigue damage of welded bogie frame
The assessment of cumulative fatigue damage on welded bogie frame of railway vehicle (s. Fig.  2 ) is implemented in the integrated design system. Whole data used in the implementation are managed in the EDM as three schemes, i.e. project, job and task. This design system provides two projects, i.e. Bogie Nominal and Bogie HotSpot, which are distinguished from how the representative stress can be defined. Fig. 3 shows the JSP for the Bogie Nominal project, where user can input design parameters required. The job is defined uniquely as an executive unit with specified information under each project and the task is a unit process to execute the job. The implemented system has four and five tasks for the Bogie Nominal and Bogie HotSpot project, respectively. Bogie Nominal project. This project consists of four unit tasks, i.e. NominalIDEAS, NominalANSYS, NominalPost and NominalBFAP. In the task of NominalIDEAS a macro-program of I-DEAS is used to change the location and geometrical shape of the transom support bracket and make finite element model for ANSYS automatically. Anchor nodes are imposed to promise to get the stress value at specified location. The four positions in the welded bogie frame are selected to calculate cumulative fatigue damages in the task of NominalBFAP. In the task of NominalANSYS APDL(ANSYS Parametric Design Language) is used to make springs and rigid body beams, take
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Experimental Mechanics in Nano and Biotechnology grouping, apply the material properties and thickness of shell element, perform 36 cases of static stress analysis in accordance with UIC Code 615-4 [4] , extract values of the maximum and minimum principal stress and corresponding direction cosine from ouput files automatically. The NominalPost task converts the extracted values to specified input data for the task of NominalBFAP. The NominalBFAP task adopts the mean stress effect using Haigh-diagram and the linear cumulative damage rule according to the well known Palgrem-Miner's rule. The Haigh-diagram for each category of welding details are converted from MCJ-curves [5] which denote the allowable stress without any failure under constant amplitude cyclic stress up to 2x10 6 cycles in relation to stress ratio. The cumulative damages at the four positions are estimated using stress amplitude stress and life curves induced according to BS7608 [6] , in which the cut-off limit is located at 1x10 7 cycles and the slope of the curves is kept constant at 3 until the stress amplitude stress reaches the cut-off limit.
Bogie HotSpot project. There are five unit tasks, i.e. HotSpotIDEAS, HotSpotANSYS, HotSpotPost, HotSpotSLSFitting and HotSpotBFAP. Among them, the description about the HotSpotANSYS and HotSpotPost task is omitted due to their similarity to that of the Bogie Nominal project. In the task of HotSpotIDEAS the stresses in perpendicular direction to weld bead at five anchor nodes standing in a row are taken into account, in which the location of the five nodes and the elements around these nodes are determined by the mesh technique [7] as shown in Fig. 4 . The HotSpotSLSFitting task calculates the HotSpot stress by the least square fitting for the stresses at the five anchor nodes and by the two point linear extrapolation as shown in Fig. 5 . The HotSpotBFAP task differs from NominalBFAP task in that the Haigh-diagram should be obtained from conversion of the Smith-diagram providing unified allowable stresses independent on welding details [8] . Parametric study considering the effect of geometrical change on cumulative fatigue damage
With completion of each project, user can review the result of parametric job such as design parameters and output files through the checkView.jsp as shown in Fig. 6 . Sub-jobs corresponding to each case of parametric study are listed in the left hand side of this page. The issue of the parametric study is to evaluate quantitatively the influence on cumulative damages at the four positions concerned to fatigue durability due to changes of location and geometrical shape of the transom support bracket. The result of this study is presented graphically in plotView.jsp as shown in Fig. 7 , which shows the cumulative fatigue damage, Damage 1~4, at positions 1~4 as a function of the distance between the transom support bracket, MCen. The Damage 1, 2 and 4 are below 0.02, suggesting a very low fatigue failure probability. On the other hand, at position 3, the Damage 3 is much higher 0.28~0.47 and 0.13~0.30 for the case of the Bogie Nominal and Bogie HotSpot project, respectively. With increasing MCen the Damage 3 increases slightly and then decreases significantly after holding with constant value. As the transom support bracket approaches the side frame of the bogie frame, resistance to the twist behavior of the bogie frame may be increased. Since the transom support bracket can also take partial charge of static longitudinal loads taking place on a mono-link bracket, its optimal location for satisfying both the function of sustaining cyclic lateral and static longitudinal loads needs to be determined Key Engineering Materials Vols. 326-328 583 The developed design system will lead to a significant decrease in man-hours required to achieve an optimal design which takes into account changes in the geometry of members attached to the welded bogie frame including the fatigue durability analysis. In comparison with a conventional process of fatigue durability analysis, this integrated design system brings a time reduction about up to 80%. If parametric study is not considered, required man-hour is deceased approximately from 24 to 3 hours. Even if the parametric study including geometrical optimization is applied, huge amount of times would be reduced in practice.
Summary
The prototype of integrated design system was implemented which enables a fatigue durability analysis to be performed, taking into account changes in the geometry of members attached to the welded bogie frame. Since this system can integrate several engineering tools for fatigue durability analysis, i.e. I-DEAS, ANSYS and BFAP, iterative analysis and data management can be performed automatically. Consequently, this integrated design system brings a time reduction about up to 80% in comparison with a conventional process of fatigue durability analysis. Although change of design happens, multi-agent based architecture will also help rapid development of design system without overall change of system and give the many advantage in developing the product collaboratively between multi-national and multi-tiered company.
